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BACKGROUND OF THE INVENTION 
Field of the Invention 

honJ* 18 Pr6Sent invention elates to an anodic 

therebetween, and an apparatus therefor. 
Related Background A rt 

g iass C Tn7f n T ,y ' ^ an ° diC ^een a 

glass and a silicon Si has been carried out by 
applying a voltage of about 300 V between th« 
9-ass and Si. with Si as anode, while 

Snt o7oT ature at ■ bout 400 * c near a «»«2 

Daniel , ^ 35 J** - ^ Geo ^ "allis and 
Darnel I. Pomerantz et al. in Journal of Applied 
Physics vol. 40. no. 10. September 1969 de - 
ceived 2 January 1969. 

hnnrt H ° We K er ' in tWS co ™ e n«°nal example the 

near a 9 tr a e nt; een ^ 9,388 and Si is 
near a transition point of glass, so that thermal 

tteTn "2 T tW ° CCUr due t0 a MerlcTte- 
^een the,r thermal expansion coefficients when 
the temperature drops down to room temiratre 
after the bonding at high temperature. resXg n a 

H2L P " 9 ° ff - Therefore ' *■ is re 0 uire d «S "he 
r Q u^1n e a <Pan H S,0n COeffidentS ° f 9 ,3SS ** S ibe 

Innt /' de ran9S from room temperature to 
connexion temperature. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to 

sZ L'r'" b ° ndin9 Pr0C6SS Which °- 
solve the above-mentioned drawback and allows 

tte secure connexion without elevating the tem - 
perature to a transition point of glass 



Fig. 6 is a cross - sectional view of the selec - 
^ bonding between an Si substrate and a pho - 
tosensitive glass in seventh embodiment of the 
present invention. 
6 Fig. 7 is a schematic view of the anodic bond - 

-g with light irradiation in eighth embodiment of 
the present invention. "'mem ot 

arrow R A in Rg a 7 V,eW " **" U ™ * - 
■° Fig. 9 is a schematic view of a laser ootical 

system with mask allowing the use of the 
bonding with light irradiation according tothe 
present invention. 

Fig. 10 is a schematic view of a bondino ao- 

ZT T Win9 USS ° f the «* bond^g w'ith 
>.9ht irrad^tion according to the present invention 

Fig. 12 is an explanation view from the top of a 
light sensor chip of Fig. 1 1 ^ 
Fig. 13 is an explanation view of a light mem - 

2s 1* P k CaPab ' 9 ° f bei "9 P rod ^ a « by using ^e 
* anodic bond.ng with light irradiation according to 
the present invention. B T0 

Fig. 14 is an explanation view from the top of a 
light sensor chip of Fig. 13. p 

*» «~ R9 ' 15 is an explanation view of a pressure 

2nT K CaPab ' e ° f bein9 produce ° by uSTS 
anod.c bonding with light irradiation according to 
the present invention. 9 to 

35 M^EIioriOFjn^ 



BRI EF DESCRIPTION O FJ^fjirma/^ 

F'9- 1 is a constitutional view of an apparatus 
common to first and second embodiments 

third?mbodim:n 0 t nStitUti0nal ^ ° f ™ a ^ 

hPfJl' 9 ' 3 iS o a ° rOSS " Sectional view of the bondino 
in ^ 30 * SUbStrate and a Photosensitive glass 
m fourth embodiment of the present invention 
Fig. 4 is a cross - sectional view of the selec - 

Zn^" 9 ,^ 66 " " Si substra * *n7a Pho- 
tosensitive glass in fifth embodiment of the present 

Fig. 5 is a cross - sectional view of the selec - 
tive bonding between an Si substrate and a pho- 
tosensitive glass in sixth embodiment of the 
present invention. 



The anodic bonding process in the preferred 
embodiments for anodic bonding made bSween a 

« a 9 pp S , S vin a d a an e 'r ,C COndUCt0r ' * ^ctS by 

Sc 9 cnnH V 396 bStWe8n *• 9 ,ass «* the 
electric conductor, while irradiating a liqht beam 

from the g.ass side or electric conductor Si 

The anodic bonding process using light' irra- 
diation with the above - mentioned constiSon can 
Sll d by a vo,ta 9a between Te 

Iss and tn *° r8,aX 3 network structure of 

glass and to promote the diffusion of modifier ions 
.n the glass, whereby the network structure of class 

Z 3t re,ative * tow temperature! and 

modifier ions diffuse to cathode side to cause a 

e'Snctnd T ° **» ^ -e 

electnc conductor and the glass, so that the soli* 
phase bonding is achieved. °" d 
55 First the principle of the anodic bondino oro - 

causing the ,igh« irradiation wil, be Scribed 
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When a glass substrate and an S, substrate^ are 
to be joined by the anodic bonding, the network 
struct, e is relaxed by cutting weak binding por- 
ST* the network structure of glass or exomng 
with oscillation, ormodifierjon^^ 

-Biffuiedt^g^^ 
tion energy for the diffusion of modifier ions, m 
Sar to have a certain directivity in the diffusion of 
modifier ions, voltage is applied between cathode 
of g^s substrate and anode of Si substrate to 
generate an electric field. Thus, mod.f.er ions are 
attracted to the cathode side and oxygen .ons are 
attracted to the anode side, so that a dep.et.on 
,ayer is produced near a bonding interface on the 
glals side, whereby a great electrostatic attractive 
?orce is generated between the glass substrate and 
he S substrate. Tbe gap between both substrates 
becomes atomic order due to this fctrostatic at 
tractive force, so that the solid phase bond.ng is 

^Snce the network structure of glass is ^^ con - 
structed of ionic bonds in various bond distances 

Sere «• P ortionS ^T^Z 

with relatively small external energy due to small 
tondng energy- Therefore, the network structure 
Sn be ra.axed y ,n the atmosphere at relatively ^ lo w 
temperatures, without elevating the temperature to 
a softening point of glass as convent.onally prac- 
Jced by Radiating infrared light as well as heating 
by a heater if necessary. Alternatively, when 
modifier ions are diffused, it is necessar y to _supp Y 
an activation energy in a magnitude of about 15 ^to 
30 kcal/mol for diffusion of modifier ions from the 
futS. This energy corresponds to ultravidet rays 
(wavelength 0.2 to 0.45 um) in terms of the Ight 
Sy Lrefore. can be supplied by ultravio.et 
radiation The network structure can be also re- 
£?S irradiating ultraviolet light to cut weak 
bTndng portions in the network structure of g.ass^ 
f tis'case, though activation energy for d.ffus.on 
of modifier ions may need to be supphed ,n a 
certain amount with heating by a heater, the 
SSng impossible at relatively low temperatures 
further for example, by irradiating ultravotet ..ght 
together with infrared light in a combination the 
^odic bonding can be performed without heating. 
This will be described in more detail. 
In the anodic bonding between glass substrate 
and Si substrate, it is possible to attract modifier 
ions to the cathode side and oxygen ions to the 
anode side by applying a voltage between , the 
Sode of Si substrate and the cathode of glass 
substrate under the condition without bating by a 
heater, while irradiating a light from side of the 
g,ass or the Si substrate so as to relax to . ne^vork 
structure of glass and to promote the diffusion of 
modifier ions in the glass. Since a steep gradient m 
the electric field occurs near a bonding interface of 



20 



glass due to the movement of mod.f.er ions, a 
great electrostatic attractive force is Produced at 
The interface between the glass substrate and the 
S substrate. Owing to this electrostatic attractive 
force, the interva^^etweenjr^ 

the solid phase bonding is achieved when the 
distance becomes atomic order. ,,«..«•.„„ 
Accordingly, in order to promote the diffusion 
of modifier ions with the electric field, as above 
described, it is necessary to relax the network 
struck of glass as much as possib.e by cutting 
Snic bond at weak binding portions or exc.ting 
bonded ion with oscillation, or to supply an energy 
for further activating the diffusion of modifier .ons 
from the outside. . 

in general, the mobility of modifier .ons in the 
alass or the ionic conductivity, i.e., electric con- 
Sty of glass 6 can be expressed as follows: 

s« exp(-AHdc/RT) (1) 

Where S is an electric conductivity of glass R . is a 
gas constant. T is a temperature, and AHdc is an 
25 activation energy for electric conduction. 

Note that AHdc = (ion.sat.on energy) + (st ain 
energy required to expand interstice of glass 

* U Accordingly, in the case of anodic bonding 

,„ between the glass substrate and the S. substrate, 

30 in order to promote the movement of modifier .ons 

n the glass under the condition without heating by 

a heate'r, i.e.. at a bonding temperature 1 as low as 

possible, it is necessary to reduce a va ue of ac 

tivation energy AHdc for electric conduction. 
35 tivati^ene^gy q ^ 

activation energy AHdc for electric of 
g ,ass is attempted by supplying the "'Qht energy as 
an ionic energy and an energy to expand *e ass 
40 structure. For this reason, it is necessary to apply a 
voltage corresponding to the activation ene^y 
I H dc to both side faces of the glass substrate 
Accordingly, the voltage is applied in a state that 
£e bonding surfaces of the glass substrate and the 
45 S substrate are closely contacted, whereby mod,- 
fier ions in the glass substrate are diffused to the 
ca h"e side. As% result, an electrostatic attractive 
force contributing to the bonding ^ Produced be - 
tween the glass substrate and the S. substrate. 
50 On 11 other hand, since absorption of Ugh 
50 depends on the quality and thickness .of materia 
ana transmittancy of the light ,s .mt uce X** 
desirable that the thicknesses of the 9'ass sub 
strata and the Si substrate are as thin as possible 

The present process is such one that tight .s 
irradiated so as to relax the network structure as 
'much i possible by cutting weak 
in the network structure of glass or exciting struc 
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tural ions with oscillation, while applying an elert„> 
field between the glass substrateand I Tsi ^sub- 
strate. Therefore, the bonding between the clL 

22*r and the Si substrate is ^ * W 

temperatures, i.e.. without heating by a heater * 
w... be appreciated that the bonding can bfaiso 

£B d= ^^^ 

stitutional view common to the u*p nf »~ * 

£11* P ° Wer SOUrce 1 is connected via a 

connecting code 2 to input of a controller 3 for 

pTof I" 9 " ? CreaSin9 — «JS out - 

Z 4 to TnZ T 3 , iS C ° nneCt9d Via c <™«*ng 
code 4 to input of a laser oscillator 5. On cutout 

.ens 6 SV ' aSer ° SCi,,ator 5 is ^PoSa 
torn L , anSf ° rming a P ara,,e ' «9ht Lp output 
from the laser oscillator 5 to a diffused light Ld A 
glass plate G and an Si substrate S to be bonln" 

nTairrLr e r a p,aten 7 

sS t£ . f 9 ' 1,16 9 ' aSS p,ate G b ^ng on top 
s.de. The platen 7 with heater is connected via a 
connecting code 8 to a positive electroS 9a"f a 

fiSe 9b TT, 9 f ° r b ° ndin9 ' a e.ec- 

cSe 10 toa ' S C ° nneCted via a acting 
code 10 to a negative electrode of an ammeter 11 
A positive electrode of the ammeter iTTs Sn - 

trod7% V,a m a a dT n f ?' n9 C ° de 12 10 3 needla te - 
trode 13 made of tungsten, wherein a top end of 

he needle electrode 13 is placed into contact witt 

the surface of the glass plate G Wtn 

compos T *• ,aSer osci » a tor 5 

comprises a carbon dioxide laser havina a 

wavelength of 10.6 urn. and the .ens 6 comp Tses a 
the laser power source 1 is turned on. and its 

^^ S6 0 d? l ^ + pa : a,,e, ,i9ht * is 

he glsfoilr y the ' ens * irradiatin ° a P' a - of 
At thi ! P * G COntact with the Si substrate S 
At £e same time, the DC power source 9 is turned 

t"de a 3 PP 'nd a a ne9at i V8 VO ' taoe to the " a ed,e Sec - 
neatL Th " 1?°**™ Wtta9e t0 the 7 with 

staffs ^ ^ POS, ' flVe VOlteQe to the Si 
In this way. a voltage was applied to both faces 

£Z f Ttra'd? 6 made * ^ Q,ass ™ 
and To f name ° f Cornin 9> 0 5 ™™ thick 
t and 10 mm long and wide having a square shan^ 
... and the Si substrate S. while i-LS^erS 

hav,ng a strength of about 2W/cm* was irSa 2 
• An etectn C current Qf ^ 4 ^ plated. 

hat the platen 7 with heater was heated up? a 
temperature of about 200 'C. When the appTcaL 



of a vottage was continued for ten minutes while 
that current was maintained, the bonding between 

»r* 9 T P ' ate 6 3nd the Si rostrate S was 
achieved. However, when the laser light was To! 

ST *• b ° ndin9 W3S " 0t "he 
apphcat.cn of the same voltage 

th P I! 1 '" f 6C0nd embodim ent. an arrangement of 
the apparatus is the same as in Fig. 1 with he 
exception that the laser oscillator 5 comprises a 

otZ'T*™ ' aSer haV,n9 3 -velenXot 
0.32 to 0.44 um . and the lens 6 comprises a 
convex lens made of KDP The laser nZl 
1 Iq t. , m0 H ~„ . 1 ne laser power source 

1 is turned on and adjusted by the controller 3 An 
utoaviolet light output from the laser osc^tor 5 ^s 
" * ffuSed 1 b * the la ns 6 and irradiated, while a n eq - 
ajve voltage from the DC power source I V2- 

^Tos 0 ::! 9 '! 58 p,ate g mada « gS 

subsfrate S £l? a0d 10 mm SQuare and the Si 
V"* 6 " 7 With heater "eated up 

* an ssjs^r- » 

ran7rs The h bondin9 bet4 - s St P. £ 

G and the S. substrate S was enabled Howev^T 
when the laser light was not irradiated L boTdino 

af a memol , " UltraVi °' et li9nt so "^e such 
helium 77 ^ C3n be a,S0 used "Ktead of the 
hehum -cadmium laser, with the same effects. 

n *Z 9 ! 0WS a cons «tutional view of an ao- 
35 ^: n ,? ird w emb0diment - in wnich «n o^uTof 
necS ° X,de ' aSer POWer source 21 is con - 
nected via a connecting code 22 to inout of a 
controlier 23 for adjusting the laser ou^ ld an 
output of me controHer 23 is connecteTvS'a^n - 

- 25 On' 0 ^ ° f 3 C " ta " « 

oscillator 25. On an output optical axis from the 

carbon dioxide laser oscillator 25 is disposed a 
cadmium laser power source 27 is connected v7a a 

3ss^,T 28 to input ° f a c -tro'Sr 29 o a 

adjusting the laser output, and an outout of tH 

3? On "^f a rt he,ium -cadmium ,aser oscillator 
Ji- On an output optical axis from the h*ii„ m 
cadmium laser oscillator 31 is dispel a KOP Tens 
?fh , h tranSf0rmi "9 a P^lle. light Lp to diffused 

S is the same as in the previous embodiment. A^ 
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th ere is provided a mask M made of terpen 
having an aperture on the glass plate G so as to 
pass?he irradiated light only through the aperture. 

in this constitution, the carbon dioxide lase 
power source 21 isturned_on^and^^ 

light is output from the carbon diox.de laser os 
cil.ator 25, and transformed to diffused light Ld by 
the Zn-Se lens 26 to irradiate the glass plate G. 
At the same time, the helium - cadmium laser 
power source 27 is turned on, and the laser outout 
I adjusted by the controller 29, thereafter ul- 
tra*** light is output from the hel.um - cadm urn 
Ter osciLor 31 and transformed to doused light 
Ld by the KDP lens 32 to also irradiate the glass 
plate G. Further, at the same time, the DC power 
source 9 is turned on to apply a negate voHage 
via a needle electrode 13 to the glass plate G and 
a positive voltage via a platen 33 to the S. sub- 

Stra Tn S this way, as in the first and second em- 
bod ments, infrared laser light of about 2W/cm and 
ultraviolet laser light of about 2W/cm* were .rrad, - 
ated, while a voltage was applied to both end faces 
of the square glass plate G made of Pyre* tf» 
#7740 0.5 mm thick and 10 mm square and the S. 
substrate S, and a voltage capable of ftew.ng an 
electric current of about 2 uA was applied for ten 
minutes, so that the bonding between the glass 
Sate G and the Si substrate S was allowed be - 
neath the aperture of mask M. At th.s time no 
bonding was made on a portion not irradiated by 
Z laser beam because the light was sh.elded by 

way. by applying a voltage to the glass 
and the electric conductor while irradiating both 
ultraviolet light for relaxing the network structure of 
olass bv cutting weak binding portions in the net 
9 wo a k structure 9 and promoting the Muff* of 
modifier ions in the glass, and infrared light fo 
relaxing the network structure by exciting ,ons o 
hl netork structure, the anodic bonding wittjou 
heating becomes possible. In th.s case, a glass 
having modifier ion such as Na. Ca, Sr, Ba, Li, K, 
Rb. Cs. Fe. Be, Mg, Ni, Zn. Co, and Pb .ons can 
obtain the same effects. as 
While in the first and second embod.ments as 
previously described, laser radiation was apphed 
over the entire surface of the glass plate G. it 
should be noted that only a partial surface thereof 
can be bonded by using a mask M equivalent to 
Z of the third embodiment to limit irradiated area. 
Also, the heating temperature was about 200 C 
but may be set at different temperatures in view of 
the difference between thermal expansion coeff.- 
cients without causing any trouble. 

Also, while in the third embodiment the heat ng 
is not made, the heating may be made to the 
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degree not to obstruct the bonding due to the 
difference between thermal expansio n c« 
in order to improve reaction speed. A method for 
limiting the bonding portion may be reaped by 

narrowingl*^^ 

Thiteld^a^^ 
,n the described embodiments, instead of using a 
Pyrex #7740 glass as the glass plate G, a soda 
siBcate glass, for example, can be used I w.th the 
same excellent bonding with the S, substrate S. 

As above described, according to the anodic 
bonding process using light irradiation in the above 
embedments, a light is irradiated on a portK.n o 
the glass to be bonded with the e.ectr.c conductor 
to lower the bonding temperature, whereby the 
bonding is relatively easily made even with d.f 
terent thermal expansion coefficients, also when 
there is a device arranged on the glass or electric 
conductor, no adverse effect is exerted to device 
characteristics due to high temperature. Further, J 
is possible to bond only a necessary P°*on by 
limiting irradiated area with a light - shielding ma sk^ 
In the following, another embodiment will be 
described. 

Fig 3 is a view for explain.ng a fourth em 
bodiment of the present invention. F.g. 3 is a view 
bes depicting the features of this embodiment, ,n 
which reference numeral 101 is a S. substrate to 
be bonded, 102 is a light sensitive glass ^ sub strate 
to be bonded with the Si substrate. 106 is an 
electric conductive platen. 107 is a needle elec - 
Sde electrically connecting to the Si substtate 
101 108 is a power source for applying a voltage 
between the Si substrate 101 and the light sen - 
sitive glass substrate 102, 109 is an electrode fo 
thV platen 106. 110 is a lead wire for the electrical 
connSon behveen the needle electrode .107 and 
the power source 108, 111 is a lead wire for the 
electrical connection between the Power source 
108 and the electrode 109 of the platen 106, and 
112 is a carbon dioxide laser for irradiating the light 
sensitive glass substrate 102 inc.udingj , port-on 
serving as the bonding interface between the S, 
substrate 101 and the light sensrtive substrate 102^ 
The light sensitive glass is one whose property 
permanently or reversibly changes upon .rr^aton 
in the above constitution, the S. substrate 101 
and the light sensitive glass 102 are placed _on fta 
platen 106 with their bonding planes face to face 
Further, after the needle electrode 107 .s brough 
into contact with the surface of the S. substrate M01 
tor electrical connection, the power sour* M08 ns 
turned on to apply a voltage between the S. sub 
strate 101 and the light sensitive glass sub^rate 
102 Further, irradiation of a laser light 112 s 
continued from above of the Si substrate 101 white 
the voltage is being applied. In th.s embod.ment 
heating by a heater or the like is unnecessary, .n 
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the above process, the bonding between the Si 
maTeTEG 0 ' f" »* ^ ^ 1 0^wa 
(PEG is a IZ P ° y8d 35 ^ ' i9ht S6nsitive *« 
Rnnn- name 5y H0YA Corporation) 

Bond.ng conditions in this embodiment are as S - 

Size of Si (100) substrate: 
26 mm x 38 mm x 0.5 mm (thickness) 
5>ize of light sensitive glass: 
30 mm x 42 mm x 1 mm (thickness) (PEG glass 
made by HOYA Corporation) 9 
Applied voltage: 
1.2 kV 
Laser beam: 

Carbon dioxide laser (= 5W/cm 2 ) 
Time: 

ten minutes per spot 
Area per spot of laser beam- 
= 1 cm 2 

After this bonding experiment, a bonded sam - 
Pie was cut with a disc cutter, but there was no 
Peeing at the bonding interface. That fs.Thas 

menTS 1 * * **" ^ ex P |ainin 9 a fifth embodi- 
ment of the present invention. Fig. 4 is a view best 
dep.ct.ng the features of this embodiment n wnfch 

^ To? "sTTk! 01 is a Si substrate for b °* - 

•ng, 102 .s a light sensitive glass substrata fnr 
bonding with the Si substrate. °, 03 is a £ fi m 

SS°J STT ° f Si thin fi ' m ° a 

Plane of the l.ght sensitive glass substrate m? 

opposite to and Just above a bonding porS of Z 
conning ™£ « £JS 

S'thr^r betWee " 1,16 Power "urS 
108 and tte electrode 109 of platen, and 112 is an 
excimer laser beam for irradiating the light sen " 
s-tive gfass substrate 102 inc.uding a portion S erv - 
mg as the bonding interface between^ Si sub- 
strate 101 and the light sensitive substrate 102 A 
« '^ ( T e,en9th ° f 246 mm > *** was a rare 
■Ser^souS. ^ ~ - - 

in the above consitution. a voltage is applied 

Tos bl 6 T" 6 e ' eCtr0de 107 and the p'aten 
106 between the thin fi.m. electrode 103 and the Si 
substrate 101 by the power source 108. after I S 
subsy ate 101 ^ ^ ^ glaS s 102 are 

closely contacted face to face as shown in Rg 4 
By the apphcation of the voltage, the electric field 



is maximum near the bonding interface of the liaht 

2SS fo? 102 direct,y under tbe ™ K 

t^nnS at bSh b0ndin 9 interfa ce 

« glass ?02 in f e " d a POrti ° nS ° f 1,16 

Seen £ 5- 9 k tordh ^- th * bonding be - 

substrate 102 SU ^ T 101 ^ the "' 9ht Sensi «- 
suostrate 102 can be easily made only at this 

ITSJ e T r 6,eCtriC fi6,d is "**n«m Ms 
ro iSlm ?r b ° ndin9 between the Si sub- 

st zr the ,i9ht — - *- — - 

face'of^t ! mb0diment 3 (1 ° 0) P,ane was 3 sur- 
face of the S, substrate, and a groove 105A on the 
S. substrate 101 was formed by electric field »„ 

ZZZtXT.T portions of the ■** ~iv 

glass substrate 102 was accomplished by irradiat- 
ing an excimer laser light through a „Sl 
sh.eldmg a laser beam) having an opening! a 
2 <> a portion to be thinned, thereafter peZming 'he 
heat treatment (430' C x 2 hr.). and etching n ,^! 
hydrogen fluoride solution. Note that a plane of ^ 
nght sensrt.ve glass substrate 102 on the side of 
bonding is not etched, because of a jJJS «, 

25 S ied - d r n9 *• etchin9 f "^on 

portion. After the etching for formation of Zned 
Portion, the resist fi.m was eluted by acetone 

^warformed* 6 fi ' m 103 
b. was formed using the mask having an ooenino 

30 z^riS dportionsof -^-= 

follows"^ 9 C ° nditi0nS thiS emb °diment are as 
Size of Si (100) substrate- 
35 26 mm x 38 mm x 0.5 mm (thickness) 
with size of groove 105A: 
26 mm x 18 mm x 0.2 mm (depth of groove) 
Size of light sensitive glass substrate 
30 mm x 42 mm x 1.0 mm (thickness) (PEG 

40 9la t S made by H0YA Corporation) with sheet 
thickness of thinned portion at 
both ends: 
0.4 mm 

Thickness of thin film electrode- 
45 1000 A 

Applied voltage: 
500 V 

Laser beam: 

Excimer laser (= 1.5W/cm 2 ) 
so Time: 

ten minutes per spot 
Area per spot of laser beam- 
- 0.5 cm 2 

55 pie was r cu! S w°«? din ^ eXPeriment - 3 bon * d sa ™ ~ 
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Fig 5 is a view for explaining a sixth embodi 
ment of the present invention. Fig. 5 is a view best 
depicting the features of this embodiment, in which 
reference numeral 101 is a Si subsl.ale (or bond- 

inq 102 is a light sensitive_yM^ubsli^Jor s_ 

-b^dii^itrTTne-ST^itTalc^^ 104 is a i.gfit 
shielding mask for shielding a lasc. beam so as to 
avoid the bonding of a laser shielded area, i.e., for 
the purpose of selective bond.ng. 105 is a groove 
provided on the light sensitive glass substrate 102, w 
106 is an electric conductive platen. 107 .s a nee 
die electrode electrically conncctabc to a th.nned 
portion at both ends of the hght sensitive glass 
102 108 is a power source fo. applying a voltage 
between the Si substrate 101 and the light sen - it 
sitive glass substrate 102, 109 * an electrode for 
the platen 106, 110 is a lead w„c for electrical 
connection between the needle electrode 107 and 
the power source 108. Ill is a lead w.re for 
electrical connection between the power source 20 
108 and the electrode 109 of the r iat«n 106, and 
112 is a carbon dioxide laser boam for .rrad.at.ng 
the light sensitive glass substrate 102 includ.ng a 
portion serving as the bond.ng interface between 
the Si substrate 101 and the hght sens.t.ve sub- 25 

strate 102. t . ... 

In the above constitution, the l.ght shielding 
mask 104 is placed just above the groove 105 of 
the light sensitive glass substrate 102. after the S. 
substrate 101 and the light scns.t.vc glass sub- 30 
strate 102 have been closely contacted face to face 
as shown in Fig. 5. The needle electrode 107 is 
electrically connected to a plane opposite and just 
above a bonding plane of the Hght sensitive g ass 
102 and a voltage is applied between the l.ght 35 
sensitive glass substrate 102 and the S. substrate 
101 by the power source 108. By the application of 
the voltage, the electric field is maximum near the 
bonding interface in a thinned portion at both ends 
of the light sensitive glass. The light enters only the <o 
thinned portion at the both ends owing to the 
masking. Accordingly, the bonding between the S. 
substrate 101 and the light sens.t.ve glass sub- 
strate 102 can be easily accomp.shod only at this 
portion where the electric field .s maximum and the 45 
light enters. That is. partial sclect.vo bond.ng be- 
tween the Si substrate 101 and the l.ght sensitive 
glass substrate 102 is possible. 

In this embodiment, a (100) piano was a sur- 
face of the Si substrate, and the formation of so 
groove 105 on the light sensitive glass 102 and 
thinned portion at both ends thereof was performed 
in the same process as described in the fifth em - 

bodiment. - « 

Bonding conditions in this embodiment are as 55 

follows. 

Size of Si (100) substrate: 
26 mm x 38 mm x 0.5 mm (thickness) 



Size of light sensitive glass: _ 
30 mm x 42 mm x 1.0 mm (thickness) (PEG 
glass made by HOYA Corporation) 
with size of groove 105: 

^n mm^J>2_mm x 0.5 mm (depth) with ^heet^ 



thickness of thinnedportion at 
both ends: 
0.4 mm 

Applied voltage: 
500 V 

Laser beam: 

Carbon dioxide laser (« 5W/cm 2 ) 
Time: 

ten minutes per spot 

Mask: 

Al plate 

Area per spot of laser beam: 
- 1 cm 2 

After this bonding experiment, a bonded sam 
pie was cut with a disc cutter, but there was no 
peeling at the bonding interface. That is, it has 
been proven that this bonding process can be put 
to practical use. Note that even if a YAG laser 
(4W/cm 2 ) was used instead of a carbon dioxide 
laser, the bonding between the Si substrate 101 
and the light sensitive glass substrate 102 was 
possible in the same way as with the carbon diox- 
ide laser. . , „ 
Note that when the mask 104 was formed of a 
polymeric resist film. Al film. Au film, or Pt film, the 
bonding strength equivalent to that as above men- 
tioned could be obtained. 

On the other hand, the same bonding of the 
materials, i.e., the bonding between the light sen- 
sitive glass and the Si substrate was performed 
under the following conditions, using a conventional 
anodic bonding. As a result, there occurred peeling 
at a bonding portion during decreasing the bonding 
temperature to room temperature, thus the bonding 

could not be made. ^ .. 

Conditions for conventional anodic bonding 

experiment: 

Bonding material: 

Light sensitive glass (PEG glass made by HOYA 
Corporation)/Si(100) 
Temperature: . 
350 *C 

Applied voltage: 
500 V 

Bonding time: 
forty minutes 
Fig. 6 is a view for explaining a seventh em - 
bodiment of the present invention. Fig. 6 is a view 
best depicting the features of this embodiment, in 
which reference numeral 101 is a Si substrate for 
bonding. 102 is a light sensitive glass substrate or 
bonding with the Si substrate 101. 103 is a thin film 
electrode made of Si thin film formed on a surface 
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of the light sensitive glass substrate opposite and 
just below a bonding portion of the .ig^nsi^e 
glass substrate 102. 104 is a light shielding mask 
'or shading a laser beam so as to avoid th e 
boning of a laser shielded area, i.e., for the p u - 
pose of selective bonding, 105 is a groove pro- 
vided on the light sensitive glass substrate'^ 
106 ,s an electnc conductive platen, 107 is a nee- 

sLeToT ^ eCtriCa " y C ° nneCtin 9 to the ^ sub - 
strate 101. 1 08 .s a power source for applying a 

voltage between the Si substrate 101 andTheToht 
sen^ve g lass substrate 102 , 10g js an 

for the platen 106. 110 is a lead wire for electric^ 
connect-on between the need,e electrode l o? and 
the power source 108. m is a lead wjrQ ™ 

betWee " * e — r -urS 
1?2 is a r k e ? trode 109 oi the platen 106. and 
112 is a carbon d.oxide laser for irradiating the light 
sens.tive glass substrate 102 including a £S 
serving as the bonding interface between toe Si 
substra to 101 and the light sensitive substrate 1 02 

mask n i04 9 i« ab ? Ve J :OnStitUtl ' On ' the "9 ht shiel *ng 

s*at St, Pa °^ ° n th6 SUrface of Si sub- 
strate 101 just above the groove 105 of the lioht 

oTand t 58 , 8 ^ 6 102 > after the ^ subst ate 
101 and the hght sensitive glass substrate 102 
have been closely contacted face to face as shown 
Fig^e. Further, the light sensitive glass 102™ 
al-gned so that the platen 106 has no electrical 
connection except for the thin fi.m electrode ^3 A 
voltage ,s applied through the needle electrode 1 07 

and th* I 316 " J 06 b6tWeen •» Si s ^trate oT 
and the thin film electrode 103 by the oower 

eSc l°t BV aPP ' iCati0n ° f *e v^tege The 
elec nc fteld ,s maximum at thinned end portions of 
the l,ght sensitive glass substrate 102. The thinned 
end portions and their adjacent portions a^y 
■rrad.ated. Accordingly, the bonding between the Si 

sfrate 102 can be easily made only at those por- 

^ 5? efeCtriC fie,d is ma>d ™™ anS the 
Jght enters. That is, partial selective bonding be - 
tween the Si substrate 101 and the light Tensive 
glass substrate 1 02 is possible sensitive 

face^ofthr^'T"* 1 3 (100 >-P ,a ne was a sur- 
XlJfJS SU5Strate ' and * e forma tion of 
tt.nned port.on at both ends thereof was performed 
-n the same method as described in the fifth em - 
bod.men, The formation of the groove loTof me 

electrode 103 was performed in the same process 
as in the fifth embodiment Process 

fo.lows. ndin9 COnditi ° nS in "* embodi ™t are as 
Size of Si (1 00) substrate- 

fLTTh l 38 mm X 05 mm Sickness) with 
Sheet th,ckness of thinned portion at both ends: 
u.o mm 



Size of light sensitive glass substrate 102- 
30 mm x 42 mm x i.o mm (thickness) (PEG 
glass made by HOYA Corporation) 
with size of groove 105: 
s 30 mm x 22 mm x 0.5 mm (depth) 

with sheet thickness of thinned portion at both 

0.5 mm 

Applied voltage: 
io 400 V 

Laser beam: 

Carbon dioxide laser (« SW/cm 2 ) 
Time: 

ten minutes per spot 
*s Mask: 
Al plate 

Area per spot of laser beam- 
- 1 cm 2 

a, mo b0nding ex P erim ent, a bonded sam - 

» pie was cut with a disc cutter, but there was no 
peeling at the bonding interface. That is it has 

to e D L7T n that th,S b ° ndin9 method ™ be put 
to practical use. H 

Note that when the thin film electrode 103 was 
* formed of an .TO film, a carbon film, an Al film an 

aL to that R ' ^ i- 
tafnl a f, ! ab ° Ve menti0 "ed could be ob- 

cuSfbut *Z ^ Samp ' e was cut •» a disc 
» Sace *« W3S n ° at the bonding 

usinf hS ,Ve d . eSCribed ' the anodic b0 "ding 
usmg light .rrad.ation. the bonding between the 

wJH nS,t 7« 9,aSS and the e,ectric inductor 
3S ct V •f' fferent thermal ^"sion coefficients 
S,,y made because of capability of 
bond ing at relatively ,ow temperatures Pusher 
when fte bondmg between the Si substrate and the 
hght sens,t,ve glass is made in a vacuum at- 
mosphere. a laser beam emitted from the laser 
" oscllator is led through a lens or mi Jinto the 
tionT T?*"* to ^diate the bonding p j - 
Jon so that the bonding can be made without 
heat,n g by a heater . Further ^ ™ut 

« strate « a ^ *" ,i9ht SenSitive <£» ^~ 
is aSo no^ w k 9 ^ Hke 3,1 °P enin 9 of mask 
s also poss,ble by us,ng a mask for shielding the 

po™- That is ' pa ™ se, ^ e b - d ^ " 

so furth^LK h 8 and 9 are Views ,or explaining a 
further embod,ment of the present invention. These 

%TeZ«7 *** depiCti "9 * e fea ture S of 

«s a laser beam, 208 is an Si substrate 209 is a 

55 aT h !! y ? X ° ,aSS) SUbstra,e for bo "ding with the 
!l ? ( 208 ' 210 is " Metric conductive fiTm 

the Q P |« 'I*" ,T ° fi ' m f ° rmed on the surface o f 
the glass substrate 209, 21, is a platen composed 
of an electnc conductor for laying thereon fte Si 
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substrate 208 and the glass substrate 209 which 
are connected with each other, 212, 213 are needle 
electrodes electrically connecting to electric con 
ductive films 210 on the surfaces of the Si sub 
strate 208 and the glass substrate_209, r espec- 
Tjwly^2T3nsTT^Ieelectrode electrically con - 
necting to the platen 211. 214 is a DC power 
source for applying an electric field between the S» 
substrate 208 and the glass substrate 209, 215 is a 
lead wire for electrical connection between the 
needle electrode 212 and the DC power source 
214 and between the needle electrode 213 and the 
DC power source 214, and 216 is a bonding por- 
tion between the Si substrate 208 and the glass 

substrate 209. 

In the above constitution, the Si substrate 208 
was placed on the glass substrate 209, then a laser 
beam 201 was irradiated from the side of the Si 
substrate 208, while at the same time a voltage is 
applied between the Si substrate 208 and the glass 
substrate 209 by the power source 214 for about 
ten minutes. As a result, a bonding area 216 cor- 
responding to an irradiation region of the laser 
beam 201 could be observed between the Si sub- 
strate 208 and the glass substrate 209. 

Note that in this embodiment the glass and the 
laser beam used are as follows. 

Glass: 

Pyrex glass 0.5 mm thick 
Thickness of Si substrate: 
0.5 mm 
Laser: 

C0 2 laser beam 6W/cm 2 
In this way, when infrared light is used, it is 
efficient to direct radiation from the side of the Si 
substrate having a higher infrared transmissivity. 

On the other hand, in Fig. 7, when the bonding 
area is larger than a light flux area, the bonding can 
be made over the entire bonding area by scanning 
the laser beam. 

Further, it is possible to bond the Si film plane 
on a substrate having a Si film formed on the 
surface of an insulator such as glass or ceramics, 
instead of the Si substrate 208. with the glass 
substrate 209. That is, in this case, the Si film 
plane is electrically connected to the anode, and 
the electric conductive film 210 on the glass sub- 
strate 209 is electrically connected to the cathode. 
Thereafter, the laser beam is irradiated as a parallel 
flux from the glass substrate side to the bonding 
plane, while an electric field is being applied be- 
tween the electrodes. 

Fig. 9 is a constitutional view of an overall 
apparatus in this embodiment. Reference numeral 
201 is a laser beam, 202, 203, 204 and 205 are 
lenses for enlarging and reducing the laser beam, 
and 206, 207 are a transparent glass to the laser 
beam 201 and a metallic film for reflecting the laser 



beam 201, which constitute a mask, respectively. 
Accordingly, the laser beam 201 can transmit 
through a portion where the metallic film 207 does 
not exist. 208 is a Si substrate for bonding, 209 is a 
6 glass substrate for bor^gj*rtr^ 

20BT2Tti~is an electric conductive film composed of 

an ITO film formed on the surface of the glass 
substrate 209, 211 is a platen for laying thereon the 
Si substrate 208 and the glass substrate 209 which 
10 are connected with each other, 212 is a needle 
electrode electrically connecting to the surface of 
the Si substrate 208, 213 is a needle electrode 
electrically connecting to the platen 211, 214 is a 
DC power source for applying an electric field 
75 between the Si substrate 208 and the glass sub- 
strate 209, and 215 is a lead wire for electrical 
connection between the needle electrode 212 and 
the DC power source 214 and between the needle 
electrode 213 and the DC power source 214. 
20 In the above constitution, the laser beam 201 is 

enlarged by the lens 202 and transformed into 
parallel rays by the lens 203, thereafter, the laser 
beam 201 passing through a pattern of the mask 
207 is reduced by the lens 204 and further trans - 
25 formed into parallel rays by the lens 205. thereby 
irradiating a bonding portion between the Si sub 
strate 208 and the glass substrate 209, while at the 
same time a voltage is applied between the Si 
substrate 208 and the glass substrate 209 by the 
30 DC power source 214. With the above optical 
system, it becomes possible to lead the laser 
beam 201 passing through the mask pattern 207 to 
a local bonding portion between the Si substrate 
208 and the glass substrate 209. While in the 
35 optical system as shown in Fig. 9, a pattern pro 
jected onto the plane of a bonding sample (Si 
substrate 208/glass substrate 209) is a reversal 
pattern of the mask 207, it will be appreciated that 
it can be made a normal pattern of the mask 207 
40 by adding a lens (not shown) to the optical system, 
without deviating from scope of the present inven 
tion In this embodiment, the bonding between the 
Si substrate 208 having a plurality of concave 
grooves with a depth of 1000 A formed thereon 
45 and the flat plate -like glass substrate 209 was 
made by the anodic bonding with light irradiation, 
using a predetermined mask 207 having a pattern 
of preventing irradiation on the grooves. As a re 
suit it could be found that the bonding was made 
so only on a partial plane except for the concave 
grooves. 

Fig. 10 is a constitutional view of an apparatus 
in another embodiment of the present invention. 
Reference numeral 201 is a laser beam. 202, 203. 
55 204 and 205 are lenses for enlarging and reducing 
the laser beam, and 206, 207 are a transparent 
glass to the laser beam 201 and a metallic film for 
reflecting the laser beam 201, respectively, which 
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constitute a mask. Accordingly, the ;ascr beam 201 
can transmit through a portion whore the metallic 
film 207 does not exist. 208 is a S, substrate for 
bonding. 209 is a glass subslrate lor bunding with 
tiie S, substrate 208, 210 is an ^-une conductive 
film composed of an ITO film fo.m.cl on the sur- 
face of the glass substrate 209. 2) t , s a platen 
directly connected to a goniometo. 222 (or laying 
thereon the Si substrate 208. and the g la ss sub- 
strate 209 which are connected w„h each other 
212 is a needle electrode electncall, connecting to 
an electric conductive film 210 on the curface of 
the glass substrate 209, 213 is an clcct.onc elec- 
trically connecting to the platen 211 ->i4 i- a DC 
power source for applying an eloct„c hole between 
the S, substrate 208 and the glass substrate 209 

lit!! 5 Z 3 ' ead Wfre for e ' CC,, ca section 
between the needle electrode 212 anc the DC 

power source 214 and between the e:ec.rode 213 

and the DC power source 214 ?te , s a laser 

oscillator for oscillating the laser team 219 is a 

laser transmitting window for ths vacuum sealing 

5r P ^n d ° f ? tranSparenf 9' ass «° 'aser beam 
<2Ui. 220 is a laser transmitting w.ndow frame 221 
is a bottom plate of a vacuum apparatus connected 
to the laser transmitting window frame 220 222 is 
an electrically driven goniometer (w.r.ng not'shown) 
movable in X-Y directions wh.ch ,s connected to 
the bottom plate 221 of the vacuum apparatus 223 
is a supporting plate for support.nq the glass sub- 
strate 209, 224 is a rotary screw (or moving the 
supporting plate 223 upward or downward 225 is a 

9 n °V Shown > for d "™9 the supporting 
Plate 223 upward or downward by rotat.ng the 
rotary screw in a clockwise or counterclockwise 
direction, respectively. 226 is a l.ght receiver for 
receiving the laser beam 201 transm.tt.ng through 
the s, substrate 208 and the glass substrate 209 
which are connected. 227 is an arm for mounting 
the light receiver, 228 is a lead w,r C lor tne elec- 
trical connection from the light rece.ver 226 to a 
monitor television 230, 229 is a vacuum introducing 
electrode terminal for the electr.cal comect.on be - 
tween a vacuum bath 231 and the atmosphere 230 
is a monrtor television for view.ng the .nformation 
received by the light receiver 226. 231 ,s a vacuum 
bath for enabling the bonding between the Si sub- 
strate 208 and the glass substrate 209 in a vacu- 
urri, 232 is a bell jar for forming the vacuum bath 
and constructed detachably. 233 is a vacuum 
pump, and 234 is a skirted frame for supporting the 
vacuum bath 231 and accommodate a laser Op- 
tical system as well as the vacuum pump 233 

The bonding principle of this apparatus is the 
same as shown in Fig. 9. 

In the above constitution, the Si substrate 208 
is placed on the platen 211, and the glass sub- 
strate 209 is placed on the supporting plate 223 



thereafter, the operator makes an alignment be- 
tween the Si substrate 208 and the glass substrate 
209 by using the light receiver 226 switched to a 
visible light mode and the monitor 230 with the 
s remote operation (operating means not shown) 
from the, outside of the vacuum, as well as driving 
the goniometer 222, and then moves the support- 
ing plate 223 downward by driving the motor 225 
so as to bnng the glass substrate 209 into slight 
ro contact with the Si substrate 208. Thereafter, the 
aser beam 201 passing through the optical system 
(composed of lenses 202, 203, 204, 205) is irradi- 
ated on the Si substrate 208 and the glass sub- 
strata 209. while a voltage is app.ied between the 
is S, substrate 208 and the glass substrate 209 by 
the DC power source 214. During the bonding, it is 
possible to detect a bonding portion between the Si 
substrate 208 and the glass substrate 209 by ob- 
serving visually the information from the light re- 
» ceiver 226 switched to a laser light mode on the 
monitor television. 

With the provision of a mechanism (not shown) 
or moving the mask 206 forward and backward 
leftward and rightward. it is possible to make the 
25 bonding between the Si substrate 208 having a 
bonding portion which is similar to mask pattern 
and the glass substrate 209. That is, it is possible 
to form a plurality of bonding portions having the 

30 htTh S ^ 8Pe 3 ! the Si SUbSfrate or 9 ,ass Pirate 
30 by the step and repeat. 

While in the optical system as shown in Fig 
10, the pattern projected on to the bonding sample 
(S. substrate 208/glass substrate 209) is a reversal 

35 itTf "k^ th l maSk 207 ' " Wi " be a PP"sciated that 
« can be made a normal pattern of the mask 207 
by adding a lens (not shown) to the optical system 
without deviating from scope of the present inven -' 
tion. 

«, ,K.rP 9 ' V ,S J Vi6W for ex P lainir »9 a light sensor 
chip produced by using the anodic bonding with 
light .rradiation according to an embodiment of the 
present invention. Referent 



-^^„. . , a a " cmuuuiment 01 the 

present invention. Reference numeral 201 is a laser 
beam , 208 is a Si substrate. 209 is a glass sub- 
strate for bonding with the Si substrate 208, 210 is 
« an electric conductive film composed of Si thin film 
formed on the glass substrate 251, 214 is a DC 
power source for applying voltage between the 
electnc conductive film 210 and an electric con- 

,„ d n UCt,V l ' ayer 237 ' 215 is a ,ead wire for Electrical 
IT T bStWeen the e,ectric conductive film 

III T« T a ^. meter 238 ' between the ammeter 
238 and the DC power source 214. and between 
the DC power source 214 and the electric con- 

ss ^ C ^ e J ayer 237 " 235 iS Vacuum chamb *r formed 
55 by bonding between the Si substrate 208. the glass 
substrate 209 and the upper lid glass subLte 
251, 236 is a photoelectric film for emitting elec- 
trons with the irradiation of laser beam 201, 237 is 
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an electric conductive layer which is electrically 
insulated from the Si substrate 208 and formed by 
the doping of impurities, 238 is an ammeter for 
detecting the electric current produced by elec 
trons flying from the photoelectncji^^ 

1 = -. i ^A-=t — . J OKI lo an i ir*n<=»r 



uuno nyn'y iiw. * — i _ — 

el^TconaScfi^Tayer 237, and 251 is an upper 
cover glass for forming the vacuum chamber by 
being bonded via the electric conductive Si film to 
the glass substrate 209. 

This chip is connected between the Si sub 
strate 208 and the glass substrate 209, and be- 
tween the glass substrate 209 and the Si thin film 
210 on the upper cover glass 251, by the anodic 
bonding with light irradiation according to any one 
of the previous embodiments. 

Note that this light sensor chip takes a matrix 
configuration as shown in Fig. 12, wherein Fig. 11 
is a cross -sectional view of only a portion at a 
position (L 2 , b) in Fig. 12. The ammeter 238 as 
well as its associated circuit are provided for each 
combination (U l n ) of electric conductive film in 
longitudinal and transversal directions. 

In the above constitution, when the laser beam 
201 is irradiated on the photoelectric film 236, 
produced electrons fly toward the electric conduc- 
tive layer 237 which is an anode. At this time, the 
electric current will flow from the anode to the 
cathode. That is, the electric current will or will not 
flow depending on whether or not the laser beam 
201 is irradiated on the photoelectric film 236. 
Accordingly, the laser irradiation at a. position on 
the chip corresponding to each ammeter can be 
detected. When a visible light beam is irradiated 
instead of the laser beam 201, it can be con- 
structed so that the electric current may, flow as in 
the above embodiment by changing the material of 
photoelectric film 236 (ex. mufti alkali photoelectric 
plane). 

In the case of producing an element composed 
of fine vacuum chambers capable of converting the 
light into an electric signal as above described, the 
anodic bonding with light irradiation according to 
the present invention, capable of working at the low 
temperature without causing thermal expansion, is 
effective. Chips can be fabricated excellently with 
less internal stress. While the glass used in this 
embodiment was Pyrex glass, a light sensitive 
glass allows easier fabrication of the vacuum 
chambers. 

Fig. 13 is a view for explaining a light memory 
chip produced by using the anodic bonding with 
light irradiation according to an embodiment of the 
present invention. Reference numeral 201 is a laser 
beam, 208 is a Si substrate, 209 is a glass sub- 
strate for bonding with the Si substrate 208, 210a is 
an electric conductive film (ITO film) formed in a 
groove 239 of the glass substrate 209, 214 is a DC 
power source for applying voltage between the 



electric conductive film 210a and an electric con- 
ductive layer 237, 215 is a lead wire for electrical 
connection between the electric conductive film 
210a and an ammeter 238, between the ammeter 

5 238 and the PCpowej^o ur^ 214, and between 

th^~Wpb^e7~source 214and the electric con - 

ductive layer 237, 237 is an electric conductive 
layer which is electrically insulated from the Si 
substrate 208 and formed by the doping of impu - 
70 rities. 238 is an ammeter, and 239 is a groove 
formed on the glass substrate 209. 

This chip is bonded between the Si substrate 
208 and the glass substrate 209 by the anodic 
bonding with light irradiation according to any one 
75 of the previous embodiments. This sensor chip 
also takes a matrix configuration as shown in Fig. 
14 wherein Fig. 13 is a cross - sectional view of 
only a portion at a position (U, h) in Fig. 14. The 
ammeter 238 as well as its associated circuit are 
20 provided for each combination <L n , l„) of the electric 
conductive film in longitudinal and transversal di- 
rections. 

In the above constitution, when the laser beam 
201 is irradiated on the groove 239, impurity ions 
25 composed of cations of the glass 209 are more 
likely to move toward the electric conductive film 
210a which is a cathode. That is, ionic electric 
current will instantaneously flow from the anode to 
the cathode. Next, when the laser beam is once 
30 interrupted and then the laser beam is irradiated 
again toward the groove 239 as above described, 
the ionic electric current does not flow. Thus, in 
order to flow the ionic electric current again, i.e., to 
refresh, when the laser beam 201 is irradiated on 
35 the groove 239 as above described, the polarity of 
the DC power source 214 must be changed while 
the laser beam is being irradiated. 

In fabricating a micro device as above de- 
scribed which serves as a memory, the anodic 
40 bonding with light irradiation according to the 
present invention, which does not cause thermal 
expansion, is effective. Chips will be fabricated 
excellently with less internal stress. Note that the 
glass used in this embodiment was Pyrex glass. 
45 The method of examining whether or not the 

light is irradiated on each matrix point, i.e., the 
reading of information, can be accomplished in the 
following way. 

1 . A voltage is applied to each matrix point while 
so the light is irradiated on each matrix. 

(a) At this time, matrix point where ionic 
current have flowed means that light is not 
irradiated in advance, namely it is not 
memorized. 

55 (b) On the contrary, the matrix point where 

ionic current have hardly flowed means that 
light is irradiated in advance, namely, it is 
memorized. 
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2. Accordingly, it is possible to read the memory 
all over the matrix points when each matrix point 
is examined for electric conduction thereof by 
applying a voltage between electrodes con- 
stituting the matrix, i.e., between U, - | n ( m = | - 5 
M, n-l-N for a matrix of MxN) in a certain 
sequence. 

3. When the memory is still stored after reading 
the following operation is performed. That is 
only in matrix points not memorized, the polarity w 
between electrodes constituting the matrix is 
reversed immediately after reading, while irra- 
diation is continued. Through this operation, ions 

•n the matrix point can be returned to their 

original position. 
Rg. 15 is a view for explaining a pressure ™ 
sensor produced by using the anodic bonding with 
light irradiation according to an embodiment of the 
present invention. Reference numeral 208 is a Si 
substrate, 209 is a glass substrate (light sensitive 20 
glass) for bonding with the Si substrate 208 239 is 
a membrane fabricated on the Si substrate 208 

240 is an insulation film composed of Si oxide film' 

241 is a non- magnetic member made of a metal 

i.e an electric conductive film which is an electric 25 
conductor, 242 is an air-tight chamber fabricated 
in the glass substrate 209. 243 is a step portion 
fabncated in the glass substrate 209. 244 is a dee D 
groove portion, 245 is a soft magnetic material 
(permalloy), 246 is a polymer adhesive for securing 30 
the soft magnetic material 245 to the deep groove 
portion 244. 247 is a primary coil for magnetizing 
the soft magnetic material 245. 248 is an input 
terminal for inputting the alternating current into the 
primary coil from the external, 249 is a secondary 3S 
coil for picking up a signal on a portion wound 
around the soft magnetic material 245, and 250 is 
an output terminal. The bonding between the Si 
substrate 208 and the glass substrate 209 is made 
by using the anodic bonding with light irradiation « 
according to any one of the previous embodiments 
Next, in the above constitution, when pressure 
is applied on the membrane 239 from the external 
the membrane 239 is warped inward or outward 
arcuately. That is, when external atmospheric 45 
pressure is higher than the pressure in the air- 
tight chamber 242, the membrane is warped in- 
ward, on contrary when atmospheric pressure is 
lower, the membrane is warped outward. At this 
time, the electric conductive film 241 moves closer so 
to or away from the soft magnetic material 245 so 
that the change in eddy current occurs near the 
surface of the electric conductive film 241 The 
magnetic flux is changed by the change in eddy 
current so that the electromotive force arising in 55 
the coil 249 IS changed. It is possible to detect the 
external pressure by precalibrating the variation of 
electromotive force and the external pressure act- 



ing on the membrane 239. Further, when the air- 
tight chamber is fabricated at a known pressure it 
is possible to determine the measured pressure 
with reference to such pressure of the air-tight 
chamber (however, under the environment where 
measured temperature is changed, calibration must 
be made for the amount of change in the measured 
temperature). The anodic bonding with light irra- 
diation according to the present invention, which 
does not cause thermal expansion, is effective in 
fabricating such a pressure sensor. A fabricated 
sensor allows to suppress the internal pressure and 
to perform more precise pressure sensing. Note 
that the glass used in this embodiment is a liqht 
sensitive glass substrate. 

Note that in the above embodiments, the Si 
substrate can be substituted by another material 
for example, an electric conductor such as Al Ta 
Ti. Ni, Ge, GaAs, or Cr alloy, and the glass sub-' 
strate can be substituted by another amorphous 
insulating material. In these cases, to transmit the 
light to a bonded face, the light capable of trans- 
mitting through at least one of the materials may 
be .rradiated from the side of that material, or by 
forming at least one of the materials to be thin 
sufficiently to transmit the light, the light may be 
irradiated from the side of that material. 

Disclosed is a process and an apparatus for 
anodic bonding, in which Si substrate and glass 
substrate are contacted each other, a voltage is 
applied therebetween, and then light is irradiated 
on a contact portion thereof, whereby the Si sub- 
strate and the glass substrate are bonded at a 
lower temperature than transition temperature of 
the glass substrate. 

Claims 

1. A process for anodic bonding between an 
electric conductor and an amorphous insulator 
comprising the steps of: 

placing said electric conductor into contact 
with said amorphous insulator; 

applying a voltage between said contacted 
electric conductor and amorphous insulator- 
and 

inadiating a light flux through an illumina- 
tion optical system toward a contact portion 
between said contacted electric conductor and 
amorphous insulator; 

wherein said electric conductor and said 
amorphous, insulator are bonded at a lower 
temperature than a transition temperature of 
said amorphous insulator in said voltage ap- 
plying step and said light flux irradiating step 



2. .. A process according to claim 1, wherein the 
irradiating light flux in said inadiating step is a 
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light beam having a wavelength for exciting 
ions in network structure of said amorphous 
insulator. 



3. a process according to_claimJ^r^^ 
H^aSatingli^flux in said irradiating step is an 

infrared light having a wavelength in the range 
of 1.0 to 12 um. 

4. A process according to claim 1, wherein the 
irradiating light flux in said irradiating step is a 
light beam having a wavelength for acting to 
cut a connection in network structure of said 
amorphous insulator. 

5. A process according to claim 1, wherein the 
irradiating light flux in said irradiating step is an 
ultraviolet light having a wavelength in the 
range of 0.2 to 0.45 urn. 

6. A process according to claim 1, wherein the 
irradiating light flux in said irradiating step is an 
ultraviolet light and an infrared light which are 
irradiated simultaneously. 

7 A process according to claim 6, wherein said 
ultraviolet light in said irradiating step relaxes 
said network structure by cutting the connec 
tion in said network structure of said amor- 
phous insulator, while said infrared light re- 
laxes said network structure by oscillationally 
exciting ions in said network structure of said 
amorphous insulator to promote diffusion of 
modifier ions in said amorphous insulator. 

8. A process according to claim 1, wherein said 
electric conductor comprises Si. 

9. A process according to claim 1, wherein said 
amorphous insulator comprises a heat-resis 
tant glass. 

10. A process according to claim 1, wherein said 
amorphous insulator comprises a soda -sili- 
cate glass. 

11. A process according to claim 1. wherein said 
amorphous insulator comprises a light sen- 
sitive glass. 

12- A process according to claim 1, further com- 
prising a masking step of preventing the irra- 
diation of light flux except for a contact portion 
to be anodic bonded between said electric 
conductor and said amorphous insulator in said 
irradiating step. 



13. A process according to claim 1, wherein a 
predetermined pattern is projected in said ir 
radiating step so that irradiation of light flux 
except for a contact portion to be anodic bon - 
5 ded betwe en jaid electric conductor and said 
amorphous insulator is prevented" 



14. A process according to claim 1, further com- 
prising the step of arranging a voltage ap^ 
1Q plication electrode only at back side of a por 

tion to be anodic bonded of said amorphous 
insulator. 

15 A process according to claim 1, wherein the 
75 light flux is irradiated only to a contact portion 

to be anodic bonded between said electric 
conductor and said amorphous insulator in said 
irradiating step. 

20 16. An apparatus for anodic bonding between an 
electric conductor and an amorphous insulator, 
comprising: 

a support table for arranging said electric 
conductor and said amorphous insulator each 
25 contacted, at a predetermined position; 

a voltage application circuit for applying a 
voltage between said contacted electric con - 
ductor and amorphous insulator; 
a light source; and 
3 0 an illumination optical system for irradiat- 

ing a light flux from said light source toward a 
contact portion between said contacted electric 
conductor and amorphous insulator; 

wherein said electric conductor and said 
35 amorphous insulator are bonded at a lower 

temperature than a transition temperature of 
said amorphous insulator by applying the 
voltage with said voltage application means 
and irradiating the light flux by the illumination 
40 system. 

17. An apparatus according to claim 16, wherein 
said illumination system comprises: 

mask holding means for arranging a mask 
45 having a pattern corresponding to a shape of a 

portion to be bonded between said contacted 
electric conductor and amorphous insulator; 
and 

projecting means for projecting said pat- 
50 tern of mask held on said mask holding means 

onto said contacted electric conductor and 
amorphous insulator arranged on said support 
- table. 

. 55 18. An apparatus according to claim 17, further 
. comprising means for aligning said mask with 
said contacted electric conductor and amor- 
phous insulator. 
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19. An apparatus according to claim 16. wherein 
said illumination system comprises a laser light 
source. a 

20. An apparatus according to claim 16, further 
comprising a vacuum chamber for exposing 
said contacted electric conductor and amor- 
phous insulator arranged on said support table 
to vacuum atmosphere. 



21 



• A semiconductor chip comprising: 

an electric conductive portion; and 
an amorphous insulating portion bonded 
with said electric conducting portion; 

wherein said electric conducting portion 
and said amorphous insulating portion are 
bonded at a lower temperature than a transi- 
tion temperature of said amorphous insulator 
through a step of applying a voltage between 
said contacted electric conducting portion and 
amorphous insulating portion, and a step of 
irradiating light flux by an illumination optical 
system toward a contact portion between said 
contacted electric conducting portion and 
amorphous insulating portion. 



70 



is 



so 



25 



22, A semiconductor chip according to claim 21 
further comprising a space sealed by bonding 
between said electric conducting portion and 
amorphous insulating portion. 30 

2a A semiconductor chip according to claim 21 
wherein said electric conducting portion and 
amorphous insulating portion are constituted as 
a part of a light sensor. 

35 

24. A semiconductor chip according to claim 21 
wherein said electric conducting portion and - 
amorphous insulating portion are constituted as 

a part of a light memory. 

25. A sensor comprising: 

an electric conducting portion; and 

an amorphous insulating portion bonded 
with said electric conducting portion; ^ 

a part of said sensor being constituted by 
sad electric conducting portion and amor- 
phous insulating portion; 

wherein said electric conducting portion 
and amorphous insulating portion are bonded so 
at a lower temperature than a transition tem- 
perature of said amorphous insulator through a 
step of applying a voltage between said con- 
tacted electric conducting portion and amor- 
phous insulating portion, and a step of irra- ss 
d.ating light flux by an illumination optical 
system toward a contact portion between said 
contacted electric conducting portion and 



amorphous insulating portion. 

26. A sensor according to claim 25, further com- 
pnsing a space sealed by the bonding be- 
tween said electric conducting portion and 
amorphous insulating portion. 

27. A sensor according to claim 25. wherein a part 
of a light sensor is constituted by said electric 
conducting portion and amorphous insulatinq 
portion. a 

28. A sensor according to claim 25, wherein a part 
of a pressure sensor is constituted by said 
electric conducting portion and amorphous in- 
sulating portion. 
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